Abstract: The effect of three organic fertilizers; viz, chicken manure (ChM, 20 and 40 m 3 fed. ). The lowest total consumed water was recorded with 20 and 40 m 3 fed.
INTRODUCTION
Cowpea (Vigna unguiculata (L.) Walp) is an important nutritional legume vegetable, consumed as dry or canned form in Egypt. Seed of cowpea had a 20-34% protein, 1.3% oil, 3.9% cellulose and 50-67% carbohydrates (Rochfort and Panozzo, 2007) . Cultivated area reached to 4920 fed. in Egypt with a production rate of 7100 ton (FAO-STAT, 2014) . Cowpea is widely cultivated in semiarid and tropical regions, but production is limited by the great variation in the amount and distribution of rainfall (Pandey et al., 1984) . Although cowpea is relatively drought tolerant legumes but extend of drought period especially at the reproductive stage had a deleterious effect (Ogbonnaya et al., 2003) . Estimation of seed yield of cowpea showed that it is drought resistant more than other grain legumes (Pandey et al., 1984) . In addition, the effect of drought will be more injurious on plant growth and productivity as in soybean if the irrigated water was saline (Raper and Kramer, 1987) .
Drought is a major abiotic stress which negatively affects plant growth, so limiting crop production world-wide (Shangguan et al., 2000) . Water stress decreases plant growth by reducing cell division and root enlargement; leads to lowering ion adsorption on the root surface. Also, deficit of water had adversely affect on different physiological process such as photosynthesis, translocation of sugars and phytohormones, ion uptake transport and assimilation, nitrogen fixation, cell turgidity and dark respiration, consequently, yield of different crops was injured. (Fageria et al., 2006) . So economic yield of cowpea was reduced by about 35-69% under drought stress according to timing and length of the drought period (Shouse et al., 1981) .
Several physiological mechanisms were done to avoid water stress injury as lowering the transpiration rate by stomatal closure or leaf rolling; osmotic adjustments by accumulation of osmolytes as sugars and proline; reduction and consequently decrease in cellular expansion and alterations of various essential physiological and biochemical processes that can affect growth, yield and quality (Farouk and Amany, 2012) .
To overcome the yield reduction of cowpea during water deficit, various tools were used such as selection of new cultivars (Addo-Quaye et al., 2011) , agricultural practices as application of organic fertilizers (El-Bassiouny and Shukry, 2001) , plant hormones as abscisic acid (Iuchi et al., 2000) , had been done. Organic fertilizers were added to improve soil fertility and its physico-chemical properties due to increase soil microbial biomass and activity of soil enzymes (Sun et al., 2003) . In addition, organic fertilizers were effective more than chemicals for soil and human health. Moreover, nutrients are less mobile mainly in dry soil because pores are filled with air and pathways for nutrient flux from soil to root surface are less direct. Such conditions in soil limit ion flux to root surface by diffusion and mass flow (Barber, 1995) . So, application of organic fertilizers may diminish the deleterious effect of drought on cowpea.
Therefore the present study aimed to investigate the effect of application of recommended (20, 20 ) and doubled amount (40, 40 and 60 m 3 fed -1 ) of different three organic fertilizers; viz, chicken manure, pressed olive cake and cow manure, respectively on growth and productivity of cowpea under normal and water stress conditions.
MATERIALS AND METHODS Experimental site and conditions
Two field experiments were carried out during summer seasons of 2013 and 2014 at The Experimental Farm of the Faculty of Environmental Agriculture Sciences, North Sinai, Arish University, Egypt (31º08′ N latitude, 33º49′ E longitude and 13 m above sea level) to study the effect of sources and rates of organic fertilizers as well as water stress on growth and seed yield of cowpea cv. '' Kafr-El Sheikh'' grown Table ( 2). Soil moisture constants for the experimental soil site were illustrated in Table ( 3). Chemical analysis of irrigation water is shown in Table (4). Soil parameters determined before conducting the experiments were particles size distribution (Piper, 1950) , total carbonate (Jackson, 1967) and soil pH value was determined in 1:2.5 soil water suspension. The soil water extract for the 1:5 soil water ratio was chemically analyzed for electrical conductivity (EC) according to Richard (1954) and Jackson (1967) .
This experiment included 12 treatments, which were the combinations of two levels of irrigation water requirements (IWR); i.e., 50% (1050 m 3 fed. Table (5). Irrigation treatments were applied at the second true leaf stage. In the two growing seasons, the amount of water needed for each irrigation was calculated according to the crop coefficient (Kc) and the daily reference potential evapotranspiration (ETo).Treatments were randomly arranged in a spilt-split plot system in a complete randomized block design with three replicates. Organic fertilizers were allowed randomly to main plots, rates of organic fertilizers were assigned randomly in sub plots, while irrigation levels were distributed randomly in sub-sub plots. The normal agricultural practices were done as needed and similar to those used in commercial cowpea production in ElArish region. Data recorded Water relationships 1. Consumptive use of water (CU): It was calculated using the equation given by Israelson and Hansen (1962) , of the chosen irrigated soil depth, ez = Soil moisture percent after irrigation, and ei = Soil moisture percent before the next irrigation. 2. Water use efficiency (WUE): The consumed water by cowpea plant was calculated according to Yaron et al. (1973) .) The actual evapotranspiration, ETa, is assumed to be synonymous to the calculated consumptive use of water (C.U). Consequently, daily and monthly consumptive use of water was calculated for specified soil depths for all treatments.
3. The yield reduction and water saving were calculated from the following equations according to Ismail, 2010 At 70 days after sowing (at 50% of flowering) all vegetative and physiological parameters were estimated. Stem length (cm), number of both branches and leaves plant -1 were recorded. Fresh and dry weight plant -1 (g) was determined after drying at 70°C up to constant weight. Plant water content (%) was calculated as follow: (Fresh weight -dry weight)/(fresh weight) × 100. Leaf blade area (cm 2 ) was determined by scanning the terminal leaflet of 3 rd leaf with a leaf area meter (AM 300). At harvest (after 120 days of sowing), seed yield (kg fed -1 ), 100 seed weight (g), pod length (cm) and number of seedspod -1 were determined. Net yield (%) was estimated as seed yield / pods yield.
Chemical constituents Chlorophyll assay
According to Arnon (1949) , 0.5 g of the terminal leaflets of 3 rd leaf was ground with 10 ml acetone 85% and filtered. Optical density was measured at 440.5, 644 and 662 nm using a Beckman DK-2 Spectrophotometer (T80, UV/VIS spectrometer, PG instrument Ltd, USA) to determine the concentration of chlorophyll a, b and carotenoids as mg 100 g -1 FW, respectively.
Reducing sugars, free phenolics and amino acids Ethanol extract (96% EOH) of the terminal leaflets of 3 rd leaf was prepared according to AbdelRahman et al. (1975) . Reducing sugars were determined spectrophotometricaly at 540 nm according to Moore (1974) .
Free phenolics were determined spectrophotometricaly at 650 nm according to William et al. (1965) . Free amino acids were estimated spectrophotometricaly at 570 nm using the method of Rosen (1957) . Free proline was assayed in fresh flag leaf according to Bates et al. (1973) , L-proline was used as a standard. Soluble Protein Soluble protein content (mg g -1 FW) was determined using bovine serum albumin (BSA) as a standard, according to the method of Bradford (1976) , using 1 ml Bradford solution and 100 µl leaf extract. Nitrogen, phosphorus, sodium and potassium leaves content Random sample of the terminal leaflets of 3 rd leaf from each experimental unit was dried at 70 C until the constant weight. Then 0.5 g of powdered material was digested using a mixture of sulfuric acid (H 2 SO 4 ) and hydrogen peroxide (H 2 O 2 ) and then brought to a final volume of 50 mL with distilled water. The content of N, P, Na and K was determined by flame photometer model III (Carl Zeiss Jena, Germany) according to Brown and Lilleland (1946) .
Histological investigations
Terminal leaflets of 3 rd leaf specimens from second season plants were fixed in F.A.A., dehydrated in ethyl alcohol series, embedded in Paraffin wax, sectioned to thickness of 15 µm, double stained with Safranin and Light green, cleared in Xylene and mounted in Canada balsam according to Willey (1971) . All measurements were calculated by eyepiece micrometer.
Statistical analysis
All statistical analyses were performed with SPSS version 13.0 (SPSS Inc., Chicago, IL, USA). Data at each time point were analyzed by one-way ANOVA, and mean separations were performed by L.S.D test. Differences at P < 0.05 were considered significant.
RESULTS

Effect of organic fertilizers Growth parameters
Application of 20 m 3 fed. Mean values followed by the same letter in each bar show non-significantly different at the P < 0.05 probability level IWR: Irrigation water requirements W0: Well watered (2100 m-3 fad.)W 0.5: Water stressed (1050 m-3 fad.) ChM: Chicken manure POC: Pressed Olive Cake CwM: Cow manure parameters of water stressed-plants, especially in ChM fertilized-ones. In this respect, the higher amount of ChM compensates the reduction of stem length by 36.2 and 43.7% in both seasons compared to water stress cowpeas. FW and leaf area were enhanced by 16.5 and 25.9%, 13.8 and 7.5% in CwM-fertilized plants in the first and second seasons, respectively. DW enhanced by 15.6% in the first season in ChM-fertilized plants and by 12.6% in CwM-fertilized ones in the second season.
Yield components
In general, low amount of both ChM and POC fertilizers was more effective on most investigated yield parameters in well watered plants than that of CwM as shown in Table (7) . Higher amount of all three organic fertilizers enhanced the most yield parameters in nonstressed water plants. The maximum value of seed yield (kg fed.
-1 ) was recorded with ChM and POC-fertilized plants under normal irrigated conditions. The most yield parameters were differed according to cultivated season. Decreasing amount of irrigation water reduced the most investigated yield parameters in all three different fertilized cowpeas. The lowest reduction in yield was recorded in POC-fertilized plants. Higher amount of ChM and CwM improved the yield of cowpeas under water stress. However, ChM-fertilized plants showed about 9.4 and 10.3%; 4.9 and 12.2% increment of both net weight and weight of 100 seed compared to water stressed ones in the first and second seasons, respectively.
Plant water-relations Water consumptive use (CU)
Values of water consumptive use (CU) were more influenced by irrigation water levels than by the sources and rates of organic fertilizer (Table 8) Increasing all investigated organic fertilizers rates with lowering the irrigation water amount led to water saving more than 60% and lowering the reduction of seed yield (Table 8) (Table 10) . Addition of low amount of CwM resulted in high value of proline and P. ChM in low amount resulted in the high amount of nitrogen and Na. Under high amount of ChM, plants had the highest content of reducing sugars, free phenols, soluble protein and phosphorus under normal water conditions. Proline content was higher in plants fertilized with high amount of CwM than other fertilizers under non-water stress. Most of estimated chemical compounds were decreased with reduction of water irrigation in low POC-fertilized plants, but addition of ChM and CwM increased the amount of reducing sugars, free phenolics, soluble protein, proline and Na content. Higher amount of POC and CwM improved the content of reducing sugars, free phenolics and K under water stress conditions. POC increased the content of reducing sugars by 14.5% and P by 53.7%. CwM increased the content of phenolics by 13.9% and K by 61.6. ChM increased the protein content by 25.9% compared to water stressed plants. Anatomical characters of terminal leaflet of 3 rd leaf Under normal irrigation conditions, plants fertilized with low amount of ChM gave higher values of thickness of spongy tissue, intercellular space, number of xylem arms bundles -1 , number of vessels bundles -1 , Phloem in the main vascular bundle, xylem thickness, number of vessels bundles -1 in the second vascular bundle than other fertilizers (Table 11 and , number of vessels bundle -1 in main vascular bundle and number of arms bundle -1 in the secondary vascular bundle. With reducing irrigated water, the most histological characters of leaf were decreased under ChM and POC fertilization, but these characters were increased in CwM-fertilized plants. Mean values followed by the same letter in each bar show non-significantly different at the P < 0.05 probability level IWR: Irrigation water requirements W0: Well watered (2100 m-3 fad.) W 0.5: Water stressed (1050 m-3 fad.) ChM: Chicken manure POC: Pressed Olive Cake CwM: Cow manure 
DISCUSSION
In present study, cowpeas cultivated in alkaline sandy soil as shown in Table ( 2) and irrigated with saline irrigation water as shown in Table ( 4), whereas EC of irrigated water was 4102.4 and 4025.6 ppm, in the first and second season, respectively. Application of organic fertilizers improved the physical and chemical properties of sandy soil and preserve water among soil particles especially when added in doubled amount (Sun et al., 2003) . Application of recommended and doubled amount of three different organic fertilizers was investigated under 50 and 100% of IWR. Results showed that application of recommended amount (20 m 3 fed.
-1
) of ChM to well watered-cowpeas was more efficient on stem length and leaf area due to its higher content of total nitrogen (3.1%) as shown in Table (5) and its high decomposition compared to other organic fertilizers (Azeez and Van Averbeke, 2012) . Also the 3 rd leaf of cowpea fertilized with 20 m 3 fed.
-1 of ChM had high content of N and Na (Table 10 ) compared to other fertilizers. This remark coordinate with that fact, nitrogen participate in amino acids synthesis as tryptophan, which represent the precursor of auxins in plants that promote the vegetative organs of cowpeas (Taiz and Zeiger, 2002) . The same treatment gave the highest thickness of spongy tissue, intercellular space, and vascular elements (xylem and phloem) in the main and second vascular bundles in the leaflet of the 3 rd leaf (Table 11 and Fig. 1 ) which led to increase the content of reducing sugars, free phenolics, soluble protein and phosphorous as shown in Table ( 8), especially, under the double dose of ChM. These findings are agreed with the fact, presence of loosely mesophyll cells (palisade and spongy tissues) in leaf leads to a high assimilation efficiency of CO 2 and subsequently increased the photosynthetic rate (Esau, 2006) . The low dose of all three organic fertilizers under study increased the thickness and numbers of vascular elements in both the main and secondary bundles in leaflet of 3 rd leaf, led to high efficiency of organic and non-organic compounds transportation. Therefore, it improved all growth parameters (Table 6) Enhancement of previous growth parameters led to the highest seed yield (kg fed.
-1 ) under both recommended and doubled amount of ChM and POC fertilizers under 100% of IWR. CwM-fertilized and well irrigated cowpea gave lower amount of seed yield than ChM and POC. These findings coordinated with Ahmed and Elzaawely (2010) who found that chicken manure (45 m 3 fed.
-1 ) combined with cattle manure (21 m 3 fed.
-1 ) significantly increased plant height, number of leaves, number of branches, leaf area, number of pods, seed index, seeds total yield and contents of P and K in seeds and P in leaves of cowpea cv. Kaha1under normal irrigation conditions. The low amount of CwM increased the content of proline and phosphorous in 3 rd leaf due to its high EC, about 2 -3.5 ds m -1 (Azeez and Van Averbeke, 2012) , therefore, decreased the growth parameters compared to other fertilizers.
Under water stress, the most estimated histological characters of leaflets of 3 rd leaf were decreased. These findings were agreed with that, water stress increases root length and thickness than shoot components. Also drought increased the thickness of cell walls and amount of cutinization and lignifications. Srivalli et al. (2003) showed that, plant must equilibrate the shoot root ratio to survive under drought conditions. In addition, leaf area index was decreased in mungbean under water stress conditions (Naresh et al., 2013) .
Values of WUE increased as water deficit and with application of organic fertilizers especially POC this may be due to water movement into seeds without effect on the translocation of dry matter into the seed and this effect resulted in an increase in mass production per unit of water (Shouse et al., 1981) . Although drought-tolerant species maintain water-use efficiency by reducing the water loss, longevity of drought period reduced it (Anjum et al., 2009) . Cowpea showed some characters of leaf anatomy similar to drought tolerant species to increase water use efficiency as presence of several layers of palisade tissue at the expense of spongy tissue to increase the path of water through intercellular spaces to reach stomata i.e. ratio of carbon dioxide fixed to water lost. Malty-serrate palisade tissue in leaf optimizes the light interception in the early morning and in late afternoon (Lewis 1972) . Also, photosynthetic capacity increased with increment of mesophyll thickness due to increase the number of chloroplasts (Oguchi et al., 2005) .
Under water deficit, CwM and POC fertilizedcowpeas showed the lowest reduction of growth parameters and the higher dose compensate this reduction, contributed with increase of reducing sugars, free phenolics, soluble protein, proline and Na as shown in Table ( 10). Increment of cowpea growth and productivity after application of organic fertilizers under normal water irrigation may be due to its effect on soil microorganisms which increased the ability of mobilizing the unavailable forms of nutrient element to available forms (El-Boraie et al., 2009) .Similar results were reported by Raper and Kramer (1987) who found that low productivity of cowpea under water stress associated with decreasing of photosynthetic rates and decrease the amount of photosynthates allocated to floral organs, causing increased abortion or resulting in smaller seed size. Increment of reducing sugars, proline and Na is one of the main mechanisms for drought tolerance to maintenance cell turgidity through osmotic adjustment (Agbicodo et al., 2009 ). Rhodes and Samaras, 1994 reported that under drought cytosol of plant cells accumulate different types of organic as sugars and prolineas well as inorganic solutes as potassium ions to lower osmotic potential thereby maintaining cell turgor.
The low amount of POC resulted in high thickness of mesophyll and palisade tissues in 3 rd leaf (Table 11 and Fig. 1 ) which may enhance the photosynthetic rate and as a result increased the content of reducing sugars, free phenolics, soluble protein and potassium (Table 10 ). In addition, higher dose of POC gave the highest Chl a, b and a+b (Table 9 ). Therefore, number of branches and leaves plant -1 , FW, DW and percent of water content where in their highest values compared to ChM and CwM in well irrigated-cowpeas. Both Chl. a and b is the major photosynthetic pigments for photosynthesis and their content has a positive relationship with photosynthetic rate and declined under water stress due to oxidative stress (Farooq et al., 2009 ).
CONCLUSION
Application of 20 m 3 fed -1 of either ChM or POC was benefit for enhancing the growth parameters and yield components in well irrigated-cowpeas compared to CwM. Application of organic fertilizers is a beneficial practice to increase the potential of cowpea to survive under water deficit with relative reduction of yield. Addition of 40 m 3 of POC or 60 m 3 of CwM in similar condition to El-Arish area, overcome the reduction of plant growth and productivity due to drought. POC resulted in the maximum water use efficiency value. Application of POC as a cheaper and available source in El-Arish was useful than other fertilizers. Lowering the deleterious effect of drought by application of organic fertilizers was associated with enhancement of biochemical compound and tissues of leaflets.
